Supplementary material 6 1. Estimates for water mass transformation rates:
Here b = −g (ρ − ρ 0 ) /ρ 0 is the buoyancy and ρ 0 is a reference density, A is the area of a buoy-10 ancy surface across which the diapycnal transport is measured, n b is the unit vector normal to the 11 isopycnal and F b is the turbulent buoyancy flux. It has been argued that the vertical buoyancy flux 12 scales with the dissipation rate as Γ , where Γ is the mixing efficiency (Osborn 1980 (Fig. 1c) .
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This smaller buoyancy gradient suggests a local diapycnal velocity 20 times larger than the pre-
30
vious estimate using the vertical buoyancy gradient. We note that the lateral buoyancy gradient is 
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LLC4320 is a global ocean and sea ice simulation that represents full-depth ocean processes.
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The simulation is based on a Latitude/Longitude/polar-Cap (LLC) configuration of the MIT gen- 
